now find that lifespan regulation by thermosensory neurons is independent of DAF-16/FOXO and instead is dependent on the activity of a steroid signaling pathway. The daf-9 gene encodes a cytochrome P450 enzyme that synthesizes steroid ligands that bind to and inhibit the nuclear hormone receptor DAF-12 [13] [14] [15] [16] [17] [18] [19] . In wild-type animals cultivated at 25 C, daf-9 transcription was upregulated by AFD thermosensory neurons and this in turn prevented the reduction in lifespan at high temperature by increasing the level of steroid ligands that inhibit DAF-12 ( Figure 1) .
So, is the regulation of lifespan by thermosensory neurons evolutionarily conserved? High temperature also seems to reduce lifespan in mice. Groups of neurons in the hypothalamus sense the surrounding temperature, thereby regulating the body temperature to keep it constant. Thus, when the temperature rises in the hypothalamus, the body temperature consequently decreases. Similar to the situation in C. elegans reported by Lee and Kenyon [6] , the transgenic mice with higher hypothalamic temperature and lower body temperature exhibited increased lifespan [20] . Surprisingly, temperature changes in the mouse hypothalamus of as little as 0. 5 C result in a 12% increase in lifespan in males and 20% in females. These results suggest that the detection of temperature changes within 1 C can affect the homeostasis of animals to the extent that they can live significantly longer. Because temperature is an unavoidable environmental cue to any animal, the sensation of temperature with high resolution may be crucial for both ectotherms and homeotherms.
According to Lee and Kenyon [6] , the hormonal control of body temperature by thermosensory neurons should be an important question to address in further studies on aging. This new work has taught us that thermosensory neurons are much more important than we previously thought.
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In mixed paternity broods, extra-pair offspring often perform better than their maternal half-siblings. This has been interpreted as evidence for genetic benefits of female promiscuity, but a new study shows that the difference in fitness may be largely due to a non-genetic, maternal effect.
Bart Kempenaers
In the majority of bird species and in a few mammals, including humans, social monogamy with biparental care goes hand in hand with copulations outside the pair bond, leading to broods or litters with mixed paternity. Over the past 20 years, researchers have attempted to explain why females engage in promiscuous behaviour. This is particularly puzzling because -in contrast to males -females cannot increase the number of produced offspring by copulating with multiple mates. A group of hypotheses, summarized under the term 'indirect, genetic benefits', suggests that females can increase the quality of their offspring by having their eggs fertilised by males of high genetic quality or compatibility (reviewed in [1, 2] ). However, whether females can obtain genetic benefits from their (extra-pair) mate choice remains one of the most controversial issues in behavioural ecology [1] [2] [3] [4] [5] [6] . So far, the most important evidence for this hypothesis comes from studies on birds using mixed paternity broods. Broods of maternal half-siblings offer an excellent opportunity [7] to study natural variation in offspring fitness due to paternal genes, while controlling for differences in the rearing environment and for maternal effects. Indeed, within-and extra-pair offspring grow up in the same nest and have the same mother, so they only differ in the genes they inherited from their respective fathers. Or so it was assumed. A new study on extra-pair paternity in a population of blue tits (Cyanistes caeruleus), published in this issue of Current Biology [8] , provides compelling evidence that this assumption is wrong.
Paternity and the Order of Laying and Hatching
Over two breeding seasons, Magrath and colleagues [8] numbered all 1732 eggs from 190 blue-tit nests to determine laying order and placed these eggs in an incubator to determine hatching order. They then brought the chicks back to their original nests to monitor survival and growth and genotyped all eggs and chicks to determine their sex and paternity. The results are remarkable: the probability that an egg is sired by an extra-pair male declined strongly with laying order [8] . Why does this matter? As Magrath and colleagues show, being among the first half of the clutch gives you a head start in life, that is, in the competition with your siblings. Female blue tits lay up to 16 eggs and usually wait until the clutch is completed before they start full incubation. Nevertheless, not all eggs hatch at exactly the same time. In the new study, the difference in hatch time between the first and the last chick in a clutch lay between 9.5 hours and more than 5 days, with a mean of 2.2 days [8] . Eggs in the first half of the clutch did not hatch in the order of laying, but laying order was an excellent predictor of hatching order for the second half of the clutch [8] . Because 74% of all extra-pair eggs were found in the first half of the clutch, it is not surprising that extra-pair offspring hatched earlier than within-pair offspring, on average by 9.3 hours.
Consequences of Hatching Earlier
Magrath and colleagues [8] also show the consequences of hatching order. Offspring that hatched later will have a smaller tarsus and wing and a lower body mass at day 15. This is not all that surprising, because 'day 15' really means 'when the first-hatched chicks are 15 days old'. Hence, these differences reflect both the offspring's developmental stage and the competitive disadvantage of hatching later. An interesting question then, and one which is only partly addressed by the study, is what the fitness consequences of this later development might be. One consequence is clear and dramatic: late hatching strongly reduces an offspring's chance of survival until fledging [8] . Furthermore, late hatching may lead to later fledging [9] , and this in turn may lead to a decreased likelihood of survival until the age of first breeding [10, 11] . Offspring that are behind in development may or may not catch up later, but even if they do, they might suffer a cost later in life, for example in terms of decreased breeding success, or reduced longevity [12, 13] .
Comparisons between Half-Siblings So, given these results, what do we learn about comparisons between within-and extra-pair offspring? Studies in blue tits and other passerine birds that compared maternal half-siblings in mixed paternity broods have shown that extra-pair young are more likely to survive in the nest, grow better, are larger and in better condition as well as show a stronger immune response. They are also more likely to breed (references in [8] ). If the results on the blue tits are applicable to other species, then the higher fitness of extra-pair offspring might be mainly or entirely due to differences in hatching time [8] . This constitutes a maternal effect, rather than an effect due to 'good' or compatible paternal genes, as predicted by the 'indirect genetic benefits' theory. So, are the results of Magrath et al. [8] more widely applicable? So far, there are few data on paternity and the order of laying, but there is at least one study that found a similar effect [14] . In general, one can perhaps predict that the effect will be more important in species with larger clutches, which also tend to be species with higher levels of extra-pair paternity [15] . To understand the importance of this result, the study should be repeated, ideally for different populations of blue tits and for other passerines where a difference in fitness between within-and extra-pair young has been found.
Consequences for Male Parental Care Decisions
If the results mentioned above are more generally applicable, we end up with another interesting puzzle. There has been much discussion about how males should respond to a reduction in their certainty of paternity and whether they should care more or exclusively for their own genetic offspring in a mixed paternity brood [16, 17] . Parents often care differentially for individual offspring, a phenomenon referred to as 'parentally biased favouritism' [18] . Although it is unlikely that males would recognize and care more for their own genetic offspring [17] , it is often observed in the blue tit as well as in some other species, that males care more for the bigger or heavier nestlings or fledglings in the brood [18, 19] . If males are generally using such a rule-of-thumb, it would mean, ironically, that they increase the probability of caring for unrelated offspring. Investigations into how individual males divide their care over the nestlings or fledglings in relation to paternity now become even more interesting.
The Big Question
In the 'Race of Life' extra-pair offspring are more often found in the pole-position [8] . But how did they get there? The answer is: we do not know. Let us consider some possible scenarios. Perhaps the pattern simply reflects the timing of copulations. Extra-pair copulations could occur more frequently before or at the beginning of egg-laying, as a consequence of a female's decision, or as a consequence of changes in opportunities or costs of mating with an extra-pair male. Alternatively, females may obtain a mix of sperm from different males before laying starts, but sperm from extra-pair males might be more successful in fertilising the first eggs. This might occur when extra-pair sperm is of higher quality (e.g., swims faster), or when it is stored in a more advantageous position within the female reproductive tract (e.g., closer to the site of fertilisation). Whatever the mechanism, an intriguing possibility is that females might influence this process and 'decide' to give extra-pair offspring a good start. If so, why would such a mechanism have evolved? And then we are back at the beginning, at the question why females engage in extra-pair copulations in the first place.
Alternatively, the observed effect is due to intense male-male competition, whereby an extra-pair male really is a 'winner that takes it all'. He gains extra offspring, positions them such that they are more likely to survive, and such that the other male is even more likely to care for them. Game, set and match. Can the world be this simple? And if these 'super extra-pair males' indeed exist, would their status not be partly due to additive genetic effects, which females would then obtain when mating with these males and produce super sexy sons [20] ? No doubt, the discussion about the genetic benefits of mate choice will continue.
Insect societies are often described as superorganisms, and there are many functional parallels between organisms and superorganisms. Elegant work using ants shows that nutrient regulation, which occurs in many non-social animals, can also occur at the colony-level.
Spencer T. Behmer
Bert Hö lldobler and E.O. Wilson, two of the most renowned biologists in the world, recently followed their Pulitzer Prize-winning book The Ants [1] with a new book entitled Superorganism [2] . This book, which focuses on ants to take a fresh look at social evolution, defines a superorganism as:
''A society, such as a eusocial insect colony, that possesses features of organization analogous to the physiological properties of single organisms. The eusocial colony, for example, is divided into reproductive castes (analogous to gonads) and worker castes (analogous to somatic tissue); its members may, for example, exchange nutrients and pheromones by trophallaxis and grooming (analogous to the circulatory system). Among the thousand of known social insect species, we can find almost every conceivable grade in the division of labor, from little more than competition among nestmates for reproductive status to highly complex systems for specialized subcastes. '' Key to the survival and growth of the superorganism, and also true for any non-social organism, is obtaining nutrients in the correct amounts and balance. Most animals require the same suite of about 30 nutrients -for example, a range of amino acids, sugars, fatty acids, vitamins, and in the case of insects, sterols -but the amounts and ratios that are needed to optimize growth differs among species, and can differ within a species depending on developmental or reproductive status [3] . In this issue of Current Biology, Dussutour and Simpson [4] report, for the first time, that a superorganism can simultaneously regulate the intake of multiple nutrients to optimize colony growth. Equally important, they show the amounts of nutrients consumed, and the ratios in which they are consumed, are determined by the composition of the colony.
For any non-social organism feeding decisions with respect to specific nutrients are made based on that individual's current needs [5, 6] . In contrast, a superorganism's feeding decisions are more complex because foraging is restricted to a subset of a colony's members. Thus, the challenge for individuals tasked with foraging is to address their own nutritional needs, while also responding to the needs of the queen, larvae, nurse ants and other workers.
So what are the nutritional needs of the different members of an ant colony? Vinson and colleagues [7, 8] , studying red imported fire ants (Solenopsis invicta), found that
